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INTRODUCTION 
Coordination polymers' also known as metal-organic coordination networks 
(MOCNs) or metal-organic frameworks (MOFs) are metal- ligand compounds 
that extend "intlnitely'" into one, two or three dimensions (ID, 2D or 3D, 
respectively) via more or less covalent metal- ligand bonding .(Fig 1) 
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Fig. 1 Schematic representation of the definition of ID, 2D or 3D coordination 
polymers having organic bridging Hgands with at least one carbon atom in - between 
the donor atoms (E). Donor atoms can be O, N, S, Se etc. 
The term "Metal Organic Framework'" first appeared in the literature in 1997, 
but the general concept of bridging metal centers via organic ligands first 
surfaced in the literature in 1991 \ thus MOF research is still in its infancy. 
A.F.Wells focused on the overall structures of inorganic compounds and 
abstracted crystal structures in terms of their topology by reducing them to a 
series of points of a certain geometry that are linked to a fixed number of other 
points . The final structures can thus be described either as polyhedral or as 
infinite networks. R. Robson developed and extrapolated Wells" work into the 
realm of metal organic compounds and coordination supramolccular 
chemistry". The rational design and synthesis of novel coordination polymers is 
of current interest in the field of supramolccular chemistry and crystal 
engineering not only because of intellectual challenges in self assembly 
processes but also due to their potential applications in catalysis, sensing 
molecular electronics, magnetic devices and porous and nano size materials . 
Judicious metal-ligand combination in terms of stereochemical preferences of 
metal ion, ligand topocity and flexibility can precisely be matched to achieve a 
remarkable degree of specificity in the course of self assembly process through 
soft chemicaf''° or Hydrothermal procedures"'^. Recently efforts'^ have been 
made to extend the design, synthesis and characterization of coordination 
frameworks to include the incorporation of very specific functions into these 
nanoporous hosts. The use of discrete molecular units in the assembly of open 
porous frameworks is an attractive synthetic approach since the structural 
integrity of the building units can be maintained throughout the reaction and 
the desired physical properties can be imparted to the solid state materials''*''. 
The unique strength, directionality and complementarity of non-covalent 
hydrogen and coordinate bonding play a central role in the creation of a variety 
of architectural motifs'^''^. The study of helical complexes'* resulting from 
metal ions and coordinated organic receptors has become one of the most 
rapidly expanding fields of supramolccular chemistry'". Helical structures have 
received much attention in coordination chemistry and material chemistry over 
the past decade not only because of the fundamental role of helicily in 
biology''•^ such as strong DNA binding affinity which made them promising 
candidates for selective recognition, binding and cleavage of oligonucleotides 
but also because of the fact that helicate chemistry provides new 
supramolecular architectures, endowed with functional properties like 
directional light harvesting devices'^ allosteric ionophores and metal-organic 
framework in the form '^'^ ^ of racks, ladders, grids, knots etc. Moreover, 
influence of non-covalent interactions on supramolecular stereo or 
regiochemistry can be studied by using helicates as models . 
In view of the dynamic nature of the metal-ligand bonds and the various 
potential geometries around the metal centers, it is difficult to predict the exact 
nature of the final metal-organic assemblies. Their structures are highly 
dependent on the geometry, bulkiness and flexibility of the ligands that are 
used as building blocks. Furthermore, the experimental conditions employed 
(such as solvent, temperature and crystallization method) and the nature of the 
metal's counterions - • • • " can also have an important impact on the 
structure either by coordinating directly to the metal center or by acting as 
template that preorganise the organic building blocks used to build up the 
assembly . Hanon et al have published^'' a systematic study of the role played 
by different anions in the self assembly of Ag(I) and a terpyridine ligand. Min 
and Suh have reported another interesting example of anion directed 
assembly of Ag(l) extended structures using a multipodal ligand 
ethylenediamine-tetrapropionitrilc. Vilar and co-workers studied''"'' the 
influence that a range of anionic species have on the structure of a series oi^ 
metal coordination networks with bipyridyl ligand containing hydrogen 
TO 
bonding groups . Recently they have reported synthesis and X-ray crystal 
structure of five novel coordination networks formed upon mixing different 
copper(II) salts with l,3-bis(pyridine-4yl-methyl)urea. The assemblies were the 
most promising in terms of potential applications as nanomaterials. In search of 
rational design of functional materials with extended architectures leading to 
supramolecular edifices, the mono and multicarboxylate ligands bearing 
differently oriented carboxylate groups with versatile coordination modes have 
been proved to be the most efficient ones ' ' "^  due to considerable flexible 
steric orientation of the carboxylate groups enabling carboxyl groups to 
connect metal ions in different directions thus favouring the formation of 
coordination polymers.(Scheme 1' ) 
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Scheme 1 : Topologies of some coordination polymers 
Intense research activities have been directed in the recent years towards the 
assembly of inorganic metal clusters, coordination complexes and organic 
molecules into extended motifs held together either by strong metal ligand 
bonding or by weaker bonding forces such as hydrogen bonding and TT-TI 
interactions''''^. The use of molecular clusters as building blocks in the 
assembly of nanometer sized materials is an attractive synthetic approach' as 
compared with mononuclear complexes because cluster based building blocks 
are larger in size which is particularly attractive for making porous structures 
potentially useful for guest recognition and separation. Recently Meng and co-
workers have reported"'^  a novel luminescent active conceptual nanotubular 
solid constructed from neutral discrete hexanuclear copper clusters via Van der 
Waals interactions along with its selective absorption of and luminescent 
response towards aromatic molecules. Cohen and co-workers'"' have employed 
a novel tris (chelate) metalloligand to synthesize a chiral heterometallic metal-
organic framework that was robust to solvent removal and exhibited selective 
uptake of nitroaromatic compounds. Ying and co-workers have reported'^ a 
novel metal organic framework with large pores achieved from triple metal 
helices assembled by a simplest imine based ligand . (Fig 2) 
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The assembly of helical units into a metal organic porous framework is 
interesting both in terms of controlled aggregation of helices and porous 
materials. The absence of counter ion and the significant large internal void 
make these and related materials exciting new candidates for examination of 
their potential utilities in catalysis or separation processes. In an attempt to 
obtain single - molecular magnet (SMMs) and single chain magnets (SCMs), 
recently, Cao and coworkers synthesized'" two novel three-dimensional metal-
organic frameworks, [M3(bime)2 (H3-OH)2 (H0BDC)2]n (M = Co,Cu) by the 
hydrothermal reaction of a flexible imidazolyl containing ligand, 1,2-
bis(imidazol-r yl)ethane (bime) (Fig. 3) and 5-hydroxyisophthalic acid (HO-
H2BDC). 
Fig. 3 
,42 Suh and co-workers have reported the multifunctionality and crystal dynamics 
of metal-organic open framework [Zn40(NTB)2.3DEF.EtOH] (DEF = N,N'-
Diethylformamide) prepared by the solvothermal reaction of Zn(N03)2.6H20 and 
4,4\4"-nitrilotribenzoic acid (H3NTB) in DEF/EtOH/H^O. fhc complex 
exhibited permanent porosity with greater pore surface area than normal zeolites, 
high thermal stability upto 430"C, high adsorption property and guest dependent 
luminescence. It even retains its single crystallinity at 400"C and high vaccum 
(10"^  Torr) to provide completely desoivated crystals. Sean P. Rigby and 
coworkers have reported''^ the synthesis of six new cadmium (II) networks 
containing either 1,4-benzenedicarboxylate or 1,3-benzenedicarboxylate (mbdc) 
under relatively mild (i.e. non-solvothermal) conditions. In addition they 
reported the thermal properties of the newly synthesized three-dimensional 
network materials and gas adsorption studies on the one that retains its 
framework structure following solvent removal. (Scheme 2) 
[Cd(mbdc)(DMF)] 
(6) 
[Cd^(bdc)^(DEF)2] 
(5) 
[Cd(bdc)] 
(5b) 
(v) Cd(N03)2.4H20 
+ H2L 
{(NH2Me2)2[Cd(bd(2) ].2DMF} 
(4) 
[Cd(bdc)(DMF)] 
(1) 
(ii) [Cd(bdc){DMF)](l)& 
[Cd^bdc),(DMF)^ 
(2) 
[Cd3(bdc)3(DMF)4] 
(3) 
(i) 115° C, DMF (L = bdc); (ii) 95° C, DMF ( L = bdc); (iii) 115° C, DMF, 
1.5-5 atm N2 (L = bdc); (iv) 115° C, DMF, [NH2Me2]CI (L = bdc) 
115°C, DEF (L = bdc); (vi) 90° C, DMF ( L = mbdc); (vii) 400° C. 
Scheme 2 
Hui Li and co-workers recently have reported the unique 3D coordination 
polymer NaCuNTAH20 (NTA = Nitrilotriacetic acid) by the reaction of the 
flexible ligand Nitrilotriacetate with copper acetate under hydrothcrmal 
conditions and explored the extending coordination mode of the ligand for the 
first time. Na^ ions played an important role in chargeable and structural 
complementarity in the construction of 3D open framework. The complex is an 
example of coordination polymers containing the d block,s block metal ions 
and NTA"" ligand generated by an unusual self complementary self assembly 
process. Xing Quiang Lu and co-workers have reported a pillar layered 3D 
framework based on anionic [Cu2(NTA )(4,4'-bpy)]^" dinuclear units and a 
brick wall network based on cationic [Cu4(NTA)2(4,4'-bpy)4]^^ tetranuclear 
units by the reaction of Cu(II) with the mixed Nitrilotriacetic acid and 4,4"-
bipyridyl ligands in different metal to ligand ratios in the presence of sodium 
hydroxide and sodium perchlorate. 
F. A. A. Paz and coworkers reviewed""" the synthesis and structural 
characterization of multi-dimensional coordination polymers by using a 
versatile chelating organic ligand N-(phosphonomethyl)iminodiacetic acid, a 
derivative of nitrilotriacetic acid (H3NTA), with two carboxylic acid groups 
and a phosphonate group at the end of the third chelating arm. The ligand 
played an important role in the formation of centrosynimetric dimcric [ 
ViOiCpmida)! 1"*' anionic units, which were used for the first time as building 
blocks to construct novel coordination polymers.(Fig 4.) 
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Fig. 4. N-(Phosphonomethyl)iminodiacetic acid (H4pmida) 
PRESENT WORK 
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The versatility of carboxylate anions as seen by their diverse eoordination 
modes to metal centers, results in the formation of various new structural types 
for metal carboxylates'*^. Polycarboxylates have often been used as mono-, bi-, 
or multidentate ligands to bind transition metal centers leading to the formation 
of moderately robust metal-organic coordination frameworks . Nitrilotriacetic 
acid is a kind of saturated aliphatic multi carboxylate ligand and its flexibility 
is due to the rotation of the single bonded carbon chains with high specificity 
for various polyvalent metal ions^ '*. Recently, multidimensional coordination 
polymers (ID, 2D, and 3D) have been synthesized by using a derivative of 
nitrilotriacetic acid, H3NTA, with two carboxylic acid groups and a 
phosphonate group at the end of the third chelating arm, namely, N-
(Phosphonomethyl)iminodiacetic''^\ In continuation of the work carried out in 
this lab where helicate coordination polymers have been reported employing 
ntp (3, 3 , 3 - nitrilotripropionic acid) as a coordinating ligand, in presence of 
en as templating agent''^. We thought it worthwhile to explore the coordinating 
properties of nitrilotriacetic acid ( nta ). In this dissertation we describe the 
synthesis of coordination polymers of the type, [(H2en)(ntaMCl2)]„ [M = 
Zn(Il), Cd(II), Hg(II), nta = nitrilotriacetic acid, en = ethylenediamine] by the 
reaction of a tripodal ligand, nta and MCI2 in the presence of en. These novel 
coordination polymers have been characterized by elemental analyses, 
conductivity, IR, 'lI-NMR and Mass spectroscopic studies. It has been 
observed that these supramolecular architectures show both coordinate and 
non-covalent interactions where ethylenediamine acts as a template and has 
dictated the formation of single stranded helical structure. However no 
interaction has been observed between metal and nta in the absence of 
ethylenediamine. 
EXPERIMENTAL 
METHODS 
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There are several physico-chemical methods available for the study of 
coordination compounds or metal-organic frameworks and a brief description 
of the techniques used in the investigation of the newly synthesized complexes 
described in the present work are given below :-
1) INFRARED SPECTROSCOPY 
2) NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 
3) MASS SPECTROMETRY 
4) ULTRAVIOLET AND VISIBLE SPECTROSCOPY 
5) MOLAR CONDUCTANCE MEASUREMENTS 
6) ELEMENTAL ANALYSES 
INFRARED SPECTROSCOPY 
Infrared (IR) radiation refers broadly to that part of the electromagnetic 
spectrum between the visible and microwave regions. When infrared light is 
passed through a sample, some of the frequencies are absorbed while other 
frequencies are transmitted without being absorbed. The plot of the percent 
absorbance or percent transmittance against frequency results in an infrared 
spectrum. 
The IR radiation does not have enough energy to induce electronic transitions 
observed in UV spectroscopy. Absorption of IR radiation is restricted to the 
compounds with small energy differences in the possible vibrational and 
rotational states. For a molecule to absorb IR radiation, the vibrations or 
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rotations within a molecule must cause a net change in the dipole moment of 
the molecule. The alternating electric field of the radiation interacts with 
fluctuations in the dipole moment of the molecule. If the frequency of the 
radiation matches the vibrational frequency of the molecule then radiation will 
be absorbed, causing a net change in the amplitude of the molecular vibration. 
In the absorption of the radiation, only transition for which change in the 
vibrational energy level is AV = 1 can occur, since most of the transition will 
occur from stable VQ to Vi the frequency corresponding to its energy is called 
the fundamental frequency. 
The group frequency which are frequencies of certain groups are characterstic 
of the group irrespective of the nature of the molecule in which these groups 
are attached. The absence of any band in the approximate region indicates the 
absence of that particular group in the molecule. 
The term "infrared" covers the range of electromagnetic spectrum between 0.78 
and lOOOjim. In the context of infrared spectroscopy, wavelength is measured 
in "wavenumbers", which have the units cm"'. 
Wavenumber= 1/wavelength in centimeters 
v = 1 / >.. 
In infrared spectroscopy the frequency region which is of main preoccupation 
to the chemists is the region 4000-650cm"', this is the most readily examined 
region. This frequency region is divided into two regions :-
Fingerprint region - 1500-500cm'' 
Functional group region - 4000-1500cm" 
It is useful to divide the infrared region into three sections ; near, middle and 
far infrared. 
Region Wavelength range (^m) Wavelength range (cm ) 
Near 0.78-2.5 12800-4000 
Middle 2.5-50 4000-200 
Far 50-1000 200-100 
The group frequencies in the infrared spectra of synthesized compounds in 
order to elucidate the structures of the compounds are given below :-
1. Amine 
a) N-H stretching vibrations :-
The N-H streching vibrations occur in the region 3300-3500 cm"' in the 
dilute solution^". The N-H stretching band shifts to lower value in the 
condensed phase due to the extensive hydrogen bonding. Primary 
amines in dilute solution give two absorptions i.e. symmetric stretch and 
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asymmetric stretch mode found near 3400 and 3500 cm" , respectively. 
Two bands are observed due to vibrational coupling. Secondary amines 
show only a single N-H stretching band in dilute solution. The band is 
found in the range 3310-3350 cm''(low intensity) in aliphatic secondary 
amine. In the case of a tertiary amine, since there is no N-H, there is no 
absorption in this region. 
b) N-H bending vibrations :-
The N-H bending (scissoring) vibration of primary amines is observed 
in the 1650-1580 cm"' region of the spectrum. The band is medium to 
strong in intensity which shifts to slightly higher frequencies when the 
compound is associated. The N-H bending band is seldom detectable in 
the spectra of aliphatic secondary amines, where as secondar}' aromatic 
amines absorb near 1515 cm'' 
2. Amine salts 
N-H stretching vibrations :-
The ammonium ion displays strong, broad absorption in the 3300-3030 
cm" region because of N-H stretching vibrations. There is also a 
combination band in the 2000-1709 cm"'. 
Salts of primary amines show" strong broad absorption between 3000-
2800 cm" arising from asymmetrical and symmetrical stretching in the 
NH3^ group. In addition, multiple combination bands of medium 
intensities occur in the 2800-2000cm'' region, the most prominent being 
the band near 2000 cm"'. 
Salts of secondary amines absorb^' strongly in the 3000-2700 cm" 
region with the multiple bands extending to 2273 cm" 
Tertiary amine salts absorb at longer wavelengths (2700-2250 cm" ) than 
the salts of primary and secondary amines. 
Quaternary ammonium salts can have no N-H stretching vibrations. 
3) Carboxylate group vibrations 
Extensive Infrared studies have been made on metal complexes 
of carboxylic acids^^. The asymmetric, Vas(C02") and the symmetric. 
Vs(C02" ) stretching modes of free acetate ion have been reported to 
appear at ca. 1560 and 1417 cm' , respectively. In case of unidentate 
mode of bonding of carboxylate group, the v(C=0) is higher than 
Vas(C02') and v(C-O) is lower than Vs(C02' ) resulting in much larger 
separation between the two v(CO) in unidentate complexes than in the 
free ion. While an opposite trend is observed if carboxylate group is 
bonded in bidentate (chelate) fashion in the complex, the separation 
between the v(CO) is smaller than that of the free ion. In the bridging 
complex however, two v(CO) are close to the free carboxylate ion value. 
In a series of unidentate complexes, v(C=0) decreases and v(C-O) decreases 
as the M-0 bond becomes stronger. 
4) M-X Stretching Frequency 
Metal halogen stretching bands appear^ "^  in different regions depending 
upon the type of halogen atom are mentioned below : 
MF - 500-750 cm'',MCl - 200-400 cm'',MBr - 200-300 cm'',MI - 100-
200 cm'' 
5) M-O Stretching Frequency 
Metal oxygen stretching frequency has been reported^'' to appear in 
different regions for different metal complexes. The M-O stretching frequency 
of Nitrato complexes lies in the range 250-350 cm''.The M-O stretching 
frequency of the complex in which oxygen of the carboxyl group or carboxylic 
group is the donor site lies in the range 510-625 cm''. 
NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 
Nuclear magnetic resonance (or NMR) is concerned with the magnetic 
properties of certain nuclei e. g. 'H , '^C etc. The nuclei for which spin quantum 
number, I > 0 exhibits the NMR phenomenon where I is associated with the 
mass number and atomic number of the nuclei as shown below : 
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MASS NUMBER ATOMIC NUMBER SPIN QUANTUM NUMBER 
Odd Odd or Even 1/2,3/2.5/2 
Even Even 0 
Even Odd 1, 2, 3 
Since atomic nuclei are associated with charge, a spinning nucleus generates a 
small electric current and has a finite magnetic field associated with it. When a 
spinning nucleus is placed in a magnetic field, the nuclear magnet experiences 
a torque which tend to align it with the external field. The number of possible 
orientations for a magnetic nucleus under the influence of an external magnetic 
field as given by (21 + 1) so that for nuclei with spin 1/2 ( 'H ,'^C, ''^ F etc. ) only 
two orientations are allowed , parallel to the field (low energy) and against the 
field (high energy). If the precessing nuclei are irradiated with a beam of 
radiofrequency energy of the correct frequency, the low energy nuclei may 
absorb this energy and move to a higher energy state. The precessing nuclei 
will only absorb energy from the radiofrequency source if the precessing 
frequency is the same as the frequency of the radiofrequency beam, the nucleus 
and the radiofrequency beam are said to be in resonance, hence the term 
nuclear magnetic resonance. 
The precessional frequency, v is directly proportional to the strength of the 
external field. Bo. i.e. 
20 
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This is the most important relationships in NMR spectroscopy. 
A proton exposed to an external magnetic force 1.4 T (14,000 guass) will 
precess = 60 million times per second, so that v = 60MHz. The precessional 
frequency of all protons in same external applied tleld is not, however, the 
same, and the precise value for any proton depends on a number of factors such 
as electronegativity of the attached groups, van der waals desheilding and 
anisotropic effects explained by Packard in 1951, who detected three different 
values for the precessional frequencies of the protons in ethanol (CH3, Cfl2, 
OH) since then NMR has become an important tool for the chemists. As the 
shift in frequency depends on chemical environment, the terms chemical shift 
was coined. Chemical shift positions are normally expressed in 6( delta units) 
whicli ?.re dellned as proportional differences in parts per millionfppm) from an 
appropriate reference standard (TMS in the case of proton and carbon-13 
NMR).Since the 5 unit is proportionality, it is a dimensionless number it is 
mdcpcndent of field strength. 
There are two types of NMR Spectrometers :-
a) Continuous Wave (CW) 
b) Pulsed or Fourier transform (P'l'-NMR) 
21 
These instruments use very powerful magnets and irradiate the sample with 
electromagnetic radiation in the radio frequency region. 
NMR spectra can be recorded by either holding the magnetic field constant or 
by keeping the radiofrequency constant and varying the magnetic field. 
MASS SPECTROMETRY 
In mass spectrometry, a substance is bombarded with an electron beam having 
sufficient energy to fragment the molecule. The positive fragments which are 
produced (cations and radical cations ) are accelerated in a vacuum through a 
magnetic field and are sorted on the basis of mass to charge ratio. Since the 
bulk of the ions produced in the mass spectrometer carry a unit positive charge, 
the value m/e is equivalent to the molecular weight of the fragment. The 
analysis of mass spectroscopy information involves the re-assembly of 
fragments, working backwards to generate the original molecule. 
A very low concentration of sample molecules is allowed to leak into the 
ionization chamber (which is under a very high vacuum) where they are 
bombarded by a high - energy electron beam. The molecules fragment and the 
positive ions produced are accelerated through a charged array into an 
analyzing tube. The path of the charged molecules is bent by an applied 
magnetic field. Ions having low mass (low momentum) will be deflected most 
by this field and will collide with the walls of the analyzer. Likewise high 
momentum ions will not be deflected enough and will also collide with the 
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analyzer wall. Ions having the proper mass - to - charge ratio, however, will 
follow the path of the analyzer, exit through the slit and collide with the 
collector. This generates an electric current, which is then amplitled and 
detected. By varying the strength of the magnetic field, the mass - to - charge 
ratio which is analyzed can be continuously varied. 
The output of the mass spectrometer shows a plot of relative intensity vs the 
mass - to - charge(m/e). The most intense peak in the spectrum is termed the 
base peak and all others are reported relative to its intensity. The peaks 
themselves are typically very sharp, and are often simply represented as 
vertical lines. The processes of fragmentation follows simple and predictable 
chemical pathways and the ions, which are formed, will reflect the most stable 
cations and radical cations, which that molecule can form. The highest 
molecular weight peak observed in a spectrum will typically represent the 
parent molecule, minus an electron, and is termed the molecular ion (M^). 
Generally, small peaks are also observed above the calculated molecular 
weight due to the natural isotopic abundance of C, H, etc. Many molecules 
with especially labile protons do not display molecular ions an example of this 
is alcohols, where the highest molecular weight peak occurs at m/e one less 
than the molecular ion ( M-1). Fragments can be identified by their mass -to-
charge ratio, but it is often more informative to identify them by the mass 
which has been lost. That is, loss of a methyl group will generate a peak at M-
15, loss of an ethyl, M-29 etc. 
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ULTRAVIOLET AND VISIBLE SPECTROSCOPY 
When a molecule absorbs ultraviolet / visible light of a particular energy, we 
assume as a first approximation that only one electron is promoted to a higher 
energy level and that all other electrons are unaffected. The excited state thus 
produced is formed in a very short time(of the order of 10"'\) and a 
consequence is that during electronic excitation the atoms of the molecule do 
not move (the Franck Condon principle). 
The most probable AE transition would appear to involve the promotion of one 
electron from the highest occupied molecular orbital to the lowest available 
unfilled orbital, but in many cases several transitions can be observed, giving 
several absorption bands in spectrum. Not all transitions from filled to unfilled 
orbitals are allowed, the symmetry relationship between the two orbitals being 
important. 
Where a transidon is 'forbidden', the probability of that transition occurring is 
low, and correspondingly the intensity of the associated absorption band is also 
low. 
These two early empirical laws govern the absorption of light by molecules : 
Beer's Law relates the absorption to the concentration of absorbing solute, and 
Lambert's Law relates the total absorption to the optical path length. 
They are most conveniently used as the combined Beer-Lambert Law : 
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log( I /I() ) = e c l o r e = A / c l 
where, IQ is the intensity of the incident light (or the Hght intensity passing 
through a reference cell), 
I is the light transmitted through the sample solution, 
log (IQ/I) is the absorbance (A) of the solution (formerly called the optical 
density, OD), c is the concentration of solute ( in mol 1'', mol dm '"), 1 is the 
path length of the sample (in cm, m x 10"^ ) and G is the molar absorptivity ( 
formerly called the molecular extinction coefficient, in I mol"' cm"', m" mol' 
xlO"'). 
CONDUCTIVITY 
The resistance of a sample of an electrolytic solution is defined by 
R = p [ 1/A ] 
Where 1 is the length of a sample of electrolyte and A is the cross sectional 
area. The symbol p is the proportionality constant and is a property of a 
solution. This property is called resistivity or specific resistance. The reciprocal 
of resistivity is called conductivity, K 
K = 1/p - 1/RA 
since 1 is in cm, A is in cm^ and R is in ohms(D),the units of K is iT' cm"' or S 
cm' (Siemens per cm) 
Molar conductivity ^-^^^=r=ssi**^^ 
If the conductivity K is in Q"' cm"' and the concentration c is in mol cm" ,then 
the molar conductivity is in H"' cm" mol"' and is defined by 
A = K / C 
Where c is the concentration of solute in mol cm"^ . 
Conventionally solutions of lO'^ M concentrations are used for the conductance 
measurement. 
Molar conductance values of different types of electrolytes in a few solvents 
are given below : 
A 1:1 electrolyte may have a value of 70-95 ohm" cm mol" in nitromethane, 
50 -75 ohm"' cm^ mol"' in dimethylformamide and D2O and 100-160 ohm"' cm^ 
mol' in methyl cyanide. Similarly a solution of 2:1 electrolyte may have a 
value of 150-180 ohm"' cm^ mol"' in nitromethane, 130-170 ohm"' cm^ mof' in 
dimethylformamide and 140-220 ohm"' cm^ mol"' in methyl cyanide^^"^ .^ 
The electrical conductivities of 10""'M solutions in Distilled water were 
obtained on a digital conductivity bridge equilibrated at 25±0.01 °C 
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ELEMENTAL ANALYSES 
The chemical analyses is quite helpful in fixing the stoichiometric composition 
of the ligand as well as its metal complexes. Carbon, hydrogen and nitrogen 
were analyzed by C H N analyzer. Chlorine was analyzed by conventional 
C O 
method . For chlorine estimation, a known amount of the sample was 
decomposed in a platinum crucible and dissolved in water with a little 
concentrated nitric acid. The solution was then treated with silver nitrate 
solution. The precipitate was then dried and weighed. 
For the metal estimation^^, a known amount of complex was decomposed with 
a mixture of nitric, perchloric and sulfuric acids in a beaker. It was then 
dissolved in water and made up to known volume so as to titrate it with 
standard EDTA. 
EXPERIMENTAL 
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Materials and Methods 
The metal salts, MCI2 [M = Zn (11), Cd (II). H2O, Hg (II)] , ethylenediamine 
(Both Aldrich) and Nitrilotriacetic acid (Acros) were commercially pure 
samples and used as received. Highly polymerized calf - thymus DNA sodium 
salt (7% Na content) was purchased from Sigma Chemical Co. Methanol (AR 
grade) was used without further purification while water was distilled before 
use. Other chemicals were of reagent grade and used without further 
purification. 
Preparation of stock solutions : 
Calf thymus DNA was dissolved to 0.5% w/w, (12.5 mM DNA/phosphate) in 
0.1 M Hepes buffer (pH 7.40) at 310 K for 24 h with occasional stirring to 
ensure formation of homogeneous solution. The purity of the DNA solution 
was checked from the absorbance ratio .426o/^ 280-Since the absorption ratio lies 
in the range 1.8 <^26o/^280< 1-9, therefore no further deproteinization of DNA 
was needed. The stock solution of compound I with 10 mg/ml concentration 
was also prepared. 
Synthesis of the [ (H2en)(ntaMCl2) ]„ polymers. 
A solution of nta (Immol) was prepared by dissolving in 20ml distalled water 
followed by addition of ethylenediamine (Immol) solution in methanol ( 30ml 
) resulting in a clear solution. This solution was reacted with MCU ( Immol ) 
28 
[M = Zn (II) (1). Cd (II). H2O (2). Hg (II) (3)] taken in methanol (20ml). The 
reaction contents were stirred at room temperature for about 18h. The reaction 
mixture was allowed to stand at room temperature resulting in microcrystalline 
solids for Cd(II) and Hg(II) and Zn(II). 
Physical Measurements 
The elemental analyses were carried out on a Perkin Elmer - 2400 analyzer. 
The IR spectra ( 4000 cm'' - 200 cm' ) of the compound were recorded on a 
Bruker Spectrometer as KBr/CsI discs. The ' H - N M R spectra of the compound 
were recorded on a Bruker Avance 11 400 NMR Spectrometer in D20.The Mass 
spectra was recorded on a ESI Waters Micromass Q-Tof Micro Spectrometer. 
Metals and chlorides were determined volumetrically and gravimetrically, 
respectively. The electrical conductivities of lO'^ M solutions in distilled water 
were obtained on a digital conductivity bridge equilibrated at 25 ± 0.01 °C. The 
UV measurements of calf thymus DNA were recorded on a Shimadzu double 
beam spectrophotometer model-UV1700 using a cuvette of 1 cm path length. 
Absorbance value of DNA in the absence and presence of complex were made 
in the range of 240-300 nm. DNA concentration was fixed at 0.2 mM, while 
the compound was added in increasing concentration. 
RESULTS AND 
DISCUSSION 
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The proposed helicate coordination polymers of the type, [(H2en)(ntaMCl2)]n 
[M = Zn(II) (Ij, Cd(II).H20 (2], Hg(II) (3), nta = nitrilotriacetic acid, en = 
ethylenediamine] were synthesized by the reaction of a tripodal iigand, nta and 
MCI2 in the presence of en. (Fig. 5 ) 
The compounds lj:3 were stable to atmosphere and found to be soluble in 
distilled water. The molar conductance values recorded in distilled water 
correspond to 1 : 1 electrolyte while analytical data of the compounds agree 
well with the proposed composition. (Table-1) 
Infrared spectra 
The IR spectra of the compounds 1^ 3 consist of characterstic IR bands for 
protonated amine cation and carboxylate groups (Table-2). A strong band 
around 3216-3210 cm"' corresponds to protonated amine group, v (N-H ) and 
a broad band around 3060 - 3050 cm'' suggesting that one of the NHs^ group of 
ethylenediamine is free while other is involved in some hydrogen bonding 
interaction which typically causes a broadening and shift to lower frequency. 
The appearance of an absorption band in the region 3065 - 3030 cm"' may be 
assigned to the (NH^) vibration expected due to zwitterion whose position is 
consistent with the hydrogen bonding interactions [(N-H O), ( N-H O)]. 
The IR spectra of all the compounds exhibit characterstic bands in the region 
1645 - 1638 cm" and 1426 - 1419 cm' corresponding to antisymmetric 
stretching ; v^ s (COO") and symmetric stretching Vs(COO') mode of vibrations 
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with frequency difference (A) of ca. 250 cm"' suggesting the unidentate 
coordination mode of carboxyl group. However, appearance of an additional 
band ca. 1525 - 1520 cm"' in the IR spectra of all the compounds may 
reasonably be assigned to v(COO') for a non-coordinated carboxyl group. The 
lowering in frequency as compared to the coordinated one may be due to 
hydrogen bonding with protonated ethylenediamine (N-H—O). The absence 
of characterstic band ca. 1750-1700 cm"' in all the compounds attributed to 
carboxylic group (-COOH) indicates the complete deprotonation of carboxylic 
groups in the zwitterion, [ NH^ (CH2COOH)2 (CHjCOO)" ]. Medium intensity 
bands in 298 - 290 cm"' and 460 - 440 cm"' regions may be assigned to M -CI 
and M - O stretching vibrations. The asymmetric (Uas CH2) and symmetric ( v^ 
CH2) stretching vibrations for the CH2 groups are observed at 2925 - 2930 cm' 
and 2852 - 2855 cm"' respectively. 
' H - N M R spectra 
Further confirmation regarding the structure of the compounds was obtained by 
the H-NMR spectra which show the absence of a peak around 10.9 - 8.38 ppm 
corresponding to protons of -COOH groups of nta ligand thus indicating the 
deprotonation of carboxylic groups of zwitterion, [ NH* (CH2CO()H)2 
(CH2COO)" ]. A singlet at 3.1, 3.4, 3.2 ppm correspond to resonance peak for 
CH2 protons of protonated ethylenediamine (4H, H3N^-CH2-CH2 -NH/ ) for I. 
2 and 3, respectively. Owing to the close proximity of resonance frequencies 
corresponding to CH2 protons adjacent to carboxyl group and tertiary nitrogen ( 
6H, N-CH2-COO ) of nta^" in all three compounds, it could not be possible to 
resolve their individual frequencies rather a broad resonance signal around 3.5 
- 3.7 ppm was observed. However, the proton resonance signals expected for 
protonated ethylenediamine moiety and the protonated tertiary amine group of 
nta^' could not be observed due to deuterium exchange leading to a breakdown 
of proposed helicate structure by loss of hydrogen bonding interactions. 
Mass Spectrometry 
The observed molecular ion peak (s) at m/z 387.61, 434.63 and 522.83 for Zn 
(II), Cd (II) and Hg (II) complexes respectively are consistent with the 
proposed molecular weight of the complexes. 
Absorption spectroscopy 
UV-Vis absorption studies were performed to further ascertain the 
DNA-complex I interaction. The UV absorbance showed an increase with the 
increase in the complex 1_ concentration (FigS). Since complex 1_ does not give 
any interfering peak in this region (Fig. 6, curve X), hence the rise in the DNA 
absorbance is suggestive of the interaction between DNA and complex J,. DNA 
exhibited hyperchromism on addition of complex I. As Hypochromism and 
hyperchromism are both the spectral features of DNA concerning of its double 
helix structure, hypochromism means the DNA binding mode of complex is 
electrostatic effect or intercalation which can stabilize the DNA duplex *"''', 
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Fig. 6 Representative absorption spectra of DNA-complex. 1. The figure shows the 
absorbance curve of DNA in the absence (a) and presence of increasing concentration of 
complex l_(a-e). The curve X, represents control curve for complex !_ alone. 
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and hypercliromism means the breakage of the secondary structure of DNA. So 
we primarily speculate that compound interacting with the secondary structure 
with calf thymus DNA resulting in its perturbation. 
REFERENCES 
_23 
1) The first use of the term "coordination polymer" may be traced to J. C 
Bailar, Jr., Preparative Inorganic Reactions, ed. W. L. Jolly. 
Interscience, New York, 1964, Vol. 1, pp. 1-25. 
2) B. Moulton and M. J. Zaworotko, Chem. Rev., 2001, 101, 1629. 
3) James, S. L. Chem. Soc. Rev. 2003, 32, 276-288. 
4) (a) A. F. Wells, Structural Inorganic Chemistry, S"' ed., Oxford 
University Press, Oxford, 1984; 
(b) A. F. Wells, Three - dimensional Nets and Polyhedra, Wiley, New 
York, 1977. 
5) R. Robson, B. F. Abrahams, S. R. Batten, R. W. Gable, B. F. Hoskins, J. 
P. Lui, ACS Symp. Ser. 499 (1992) 256. 
6) J. -W. Steed, J.L. Atwood, Supramolecular Chemistry; Wiley and Sons : 
New York,2000. 
7) C. Piguet, G. Bernardinelli. and G. Hopfgartner, Chem. Rev., 1997, 97, 
2005. 
8) M. Albrecht, Chem. Rev., 2001, 101, 3457. 
9) D. L. Reger, R. F. Semeniuc, V. Rassolov and M. D. Smith, Inorg. 
Chem., 2004, 43, 537. 
10) R. L. Paul, S. M. Couchman, J. C. Jeffery, J. A. McCleverty, Z. R. 
Reeves and M. D. Ward, J. Chem. Soc, Dalton Trans., 2000,845. 
11) X. Wang, C. Qin, E. Wang, Y. Li, N. Hao, C. Hu and L. Xu, Inorg. 
Chem., 2004,43, 1850. 
_2.4 
12) S. K. Ghosh and P. K. Bharadwaj, Inorg. Chem., 2004, 43, 2293. 
13) C. J. Kepert, J. Chem. Soc, Chem. Commun., 2006, 695. 
14) M. Hong, G. Dong, D. C. -Ying, L. Y. -Ting and M. Q. -Jin, J. Chem. 
Soc., Dalton Trans., 2002, 3422. 
15) S. Surble, F. Millange, C. Serre, G. Gerey and R. I. Walton, J. Chem. 
Soc. Chem. Commun., 2006, 1518. 
16) Y. -B. Dong, M. D. Smith, R. C. Layland and H. -C. Z. Loye, J. 
Chem. Soc, Dalton Trans., 2000, 775. 
17) J. -M. Lehn, Supramolecular Chemistry, VCH, Weinheim, 1995. 
18) G. Guilera and J. W. Steed, J. Chem. Soc, Chem. Commun., 1999, 
1563. 
19) Piguet, C ; Bunzli, J. -C. G. J. Solid State Inorg. Chem. 1996, 33, 165. 
20) Nebeshima, T. Coord. Chem. Rev. 1996, 148, 151. 
21) Sleiman, H.L; Baxter, P.; Lehn, J. -M.; Rissanen, K. J. Chem. Soc, 
Chem. Commun. 1995, 715. 
22) Chambron, J. - C ; Dietrich - Buchecker, C. O.; Nierengarten, J. -F.; 
Sauvage, J. -P.; SoUadite, N.; Albrecht - Gary, A. - M.; Meyer, M. 
New J. Chem. 1995, 19, 409. 
23) (a) Hanan, G. S.; Arana, C. R.; Lehn, J. -M.; Fenske, D. Angew. 
Chem., Int. Ed. Engl. 1995, 34, 1122. 
(b) Baxter, P.; Hanan, G. S.; Lehn, J. -M. Chem. Commun. 1996, 2019. 
Ji5 
24) R. L. Paul, S. P. Argent, J. C. Jeffery, L. P. Harding, J. M. Lynam and 
M. D. Ward, J. Chem. Soc, Dalton Trans., 2004, 3453. 
25) P. Diaz, D. Michael, P. Mingos, R. Vilar, A. J. P. White and D. J. 
Williams, Inorg. Chem., 2004, 43, 7597. 
26) L. P. Harding, J. C. Jeffery, T. R. -Johannessen, C. R. Rice and Z. 
Zeng, J. Chem. Soc, Chem Commun., 2004, 654. 
27) Z. Wang, B. Zhang, T. Otsuka, K. Inoue, H. Kobayashi and M. 
Kurmoo, J. Chem. Soc, Dalton Trans., 2004, 2209. 
28) P. Diaz, J. B. -Bucholz, R. Vilar and A. J. P. White, Inorg. Chem., 
2006,45, 1617. 
29) M. J. Hanon, C. L. Painting, E. A. Plummer, L. J. Chiilds, N. W. 
Alcock, Chem. -Eur. J. 2002, 8, 2225. 
30) K. S. Min, M. P. Suh, J. Am. Chem. Soc, 2000, 122, 6834. 
31) S. -T. Cheng, E. Doxiadi, R. Vilar, A. J. P. White, D. S. Williams, J. 
Chem. Soc. Dalton Trans., 2001,2239. 
32) P. Diaz, D. M. P. Mingos, R. Vilar, A. J. P. White, D. S. Williams, 
Inorg. Chem., 2004, 43, 7597. 
33) N. J. Burke, A. D. Burrows, A. S. Donovan, R. W. Harrington, M. F. 
Mahon and C. E. Price, J. Chem. Soc. Dalton Trans., 2003, 3840. 
34) E. Colacio, M. Ghazi, R. Kivekas and J. M. Moreno, Inorg. 
Chem.,2000,39,2882. 
M 
35) B. -H. Ye, X. -Y. Li, I. D. Williams and X. -M. Chen, Inorg. Chem.. 
2002,41,6426. 
36) Z. Qin, M. C. Jennings, R. J. Puddephat and K. W. Muir, Inorg. Chem., 
2002,41,5174. 
37) P. King, R. Clerac, W. Wernsdorfer, C. E. Anson and A. K. Powell, J. 
Chem. Soc. Dalton Trans., 2004,2670. 
38) B. -H. Ye, M. -L. Tong, X. -M. Chen, Coordination Chem. Rev., 
249(2005), 545-565. 
39) Y. Bai, G. -J. He, Y. -G. Zhao, C. -Y. Duan, D. -B. Dang and Q. -J. 
Meng, Chem. Commun., 2006, 1530. 
40) D. L. Murphy, M. R. Malachowski, C. F. Campana and S. M. Cohen, 
Chem. Commun., 2005, 5506. 
41) X. -J. Li, X. -Y. Wang, S. Gao and R. Cao, Inorg. Chem. 2006, 45. 
1508. 
42) E. Y. Lee, S. Y. Jang and M. P. Suh, J. Am. Chem. Soc. 2005,127,6374, 
43) A. D. Burrows, K. Cassar, T. Duren, R. M. W. Friend, M. F. Mahon, S. 
P. Rigby and T. L. Saverese,J. Chem. Soc. Dalton Trans., 2008, 2465-
2474. 
44) H. Li,H. Tian, M. Guo, F. Y. He, C. Hu, Inorg. Chem. Commmun. 
9(2006)895-898. 
45) X. -Q. Lu, J. -J. Jiang, C. -L. Chen, B. -S . Kang and C, -Y. Su, Inorg. 
Chem., 2005,44, 4515-4521. 
_27 
46) F. A. A. Paz, J. Rocha, J. Klinowski, T. Trindade, F. -N. Shi, L. Mafra. 
Progress in Solid State Chem. 33(2005) 113-125. 
47) J. Su, Y. wang, S. Yang, G. Li, F. Liao and J. Lin, Inorg. Chem., 2007, 
46, 8403-8409. 
48) (a) O.M. Yaghi, H. Li and T.L. Groy, J. Am. Chem. Soc, 1996, 118, 
9096; (b) H. Li, M. Eddaoudi, T. L. Groy and O. M. Yaghi, J. Am. 
Chem. Soc., 1998, 120, 8571; (c) J. Kim, B. Chen, T. M. Reineke, H. Li, 
m. Eddaoudi, D. B. Moler, M. O' Keeffe and O. M. Yaghi, J. Am. 
Chem. Soc., 2001, 123, 8239; (d) D. T. Vodak, M. E. Braun, J. Kim, M. 
Eddaoudi and O. M. Yaghi. Chem. Commun., 2001 2534; (e) S. L. 
Zheng, J.H. Yang, X. L. Yu, X.-M. Chen and W.-T. Wong, Inorg. 
Chem.., 2004, 43, 830; (f) X.-L. Wang, C. Qin, E.-B. Wang, L. Xu, Z.-
M. Su and C.-W. Hu. Angew. Chem., Int. Ed., 2004, 43, 5036; (g) X.-L. 
Wang, C. Qin, E.-B. Wang, Y.-G. Li, Z.-M. Su, L. Xu and L. Carlucci, 
Angew. Chem., Int. Ed., 2005, 44, 5824. 
49) M. Shakir, S. Parueen, P. Chingsubam, K. Aoki, S. N. Khan, A.U. 
Khan, Polyhedron 2 (2006) 2929-2934. 
50) L. J. Bellamy, " The Infrared Spectra of complex molecules", John 
Wiley and Sons, New York 1958. 
51) E. R. Souaya, W. G. Hanna, E.H. Ismail and N. E. Milad, Molecules, 
2000,5, 1121. 
52) G. B. Deacon and R. J. Phillips, Coord. Chem. Rev., 1980, 33, 227, 
_a8 
53) K. Nakamoto, "Infrared and Raman Spectra of Inorganic and 
Coordination compounds", John Wiley and Sons, New York 1986. 
54) S. I. Mostafa, T. H. Rakha and M. M. E - Agez, Indian J. Chem., 2000, 
39A, 1301. 
55) R. A. Walton, Chem. Soc. Quart. Rev., 1965, 19, 126. 
56) B. J. Hathaway, D. G. Holha and P. D. Postlethwaite, J. Chem. Soc, 
1961,3215. 
57) W. J. Geary, Coord. Chem. Rev., 1971, 7, 81. 
58) A. I. Vogel, A Text Book of Quantitative Inorganic Analysis, 
Longmans London, 1961. 
59) C. N. Reilley, R. W. Schmid and F. A. Sadek, J. Chem. Educ, 1959, 
36,555. 
60) P.Yang, M.-L. Guo, B.-S. Yang, Chinese Sci. Bull. 39 (1994) 997-
1002. 
61) E.C. Long, J.K. Barton, Ace. Chem. Res. 23 (1990) 271-273. 
